models to evaluate the association between the outcome of AKOA (versus no KOA) and several modifiable risk factors collected at OAI baseline and 48-month visits [body mass index (BMI), systolic blood pressure, comorbidity score, and NSAID use]. We also explored a new injury from baseline to 48 months and from 48-to 96 months. Adults with greater baseline and 48-month BMI were more likely to develop AKOA. Injury was only associated with AKOA onset when it occurred within 4 years of developing AKOA [prior 2 years: odds ratio = 6.21; 95% confidence interval (CI) 3.40, 11.35; 2-4 years prior: odds ratio = 4.42, 95% CI 2.06, 9.50]. BMI may consistently predispose an adult to AKOA, but certain injuries are likely a catalyst for AKOA.
Introduction
Knee osteoarthritis (KOA) is commonly perceived as a slowly progressive disorder. However, approximately 22% of incident cases of KOA within the first 4 years of the Osteoarthritis Initiative (OAI) are an accelerated form of KOA (AKOA) [1, 2] . Additionally, within the OAI we found an annual incidence rate of 6 AKOA cases per 1000 people. The incidence of AKOA is characterized by a knee that progresses from normal appearance to advance-stage disease within 4 years and often in less than 12 months [1] [2] [3] [4] [5] [6] [7] . We previously found that risk factors such as greater age, greater body mass index (BMI), and prior injury are associated with the development of AKOA [1, 3, 8] using the data from the first 4 years of the OAI compared to adults with a gradual onset of KOA or no KOA. In recent years, the OAI has released clinical data and radiographic readings from the 48-, 72-and 96-month visits. This offers a unique opportunity to gain a more nuanced understanding of AKOA-related risk factors among adults who did not initially develop AKOA during the first 48 months but then developed AKOA between 48-and 96-month visits of the OAI. For example, we can now explore how the number of injuries and proximity of injury to the onset of AKOA influence the chances of developing AKOA. Hence, we examined the association between previously reported modifiable risk factors for AKOA at baseline and 48 months later among adults who developed AKOA between the 48-and 96-month visits of the OAI. We hypothesized that probable modifiable risk factors for AKOA (BMI, systolic blood pressure, comorbidity score, NSAID use) at OAI baseline would not be statistically related to 48-96 months onset of AKOA but at 48 months these risk factors would be related to AKOA. Furthermore, we believed that a new injury during the first 4 years of the OAI would not be related to 48-96 month onset of AKOA but a new injury between these visits would be related to AKOA. These probable risk factors were selected because they were likely to change over 48 months in people without KOA and univariate analyses in an earlier study suggested these factors may be related to incident AKOA (with a p value <0.10) [1] .
Methods
We identified individuals using data from baseline and the 96-month follow-up of the OAI. The OAI is a multicenter cohort study of 4796 adults with or at risk for symptomatic KOA. Four clinical sites (Memorial Hospital of Rhode Island, The Ohio State University, University of Maryland and Johns Hopkins University, and the University of Pittsburgh) recruited participants between 2004 and 2006. OAI data are available for public access [9] . Institutional review boards at each OAI clinical site and the OAI coordinating center (University of California, San Francisco) approved the OAI study. All participants provided informed consent prior to participation.
Patients
All eligible participants had no radiographic KOA [Kellgren-Lawrence (KL) grade <2] in the index knee at the OAI baseline and 48-month visits. We defined AKOA as someone who developed AKOA (at least one knee reached KL 3 or 4, development of a definite osteophyte and joint space narrowing) between the 48-and 96-month OAI visits. Adults with no KOA had no KOA in either knee at baseline and no change in KL grade from OAI baseline to 96 months.
Knee radiographs
Participants had bilateral weight-bearing, fixed-flexion posteroanterior knee radiographs at baseline, each annual visit up to 48 months, the 72-month visit, and the 96-month visit. Central readers, who were blinded to the order of follow-up radiographs, scored the images for KL grades. 
Clinical data
At OAI baseline and 48 months, age, sex, and BMI, systolic blood pressure, comorbidity score (Charlson Comorbidity Index), over-the-counter NSAID use and injury were acquired based on a standard protocol. The data and protocol are publicly available [9] .
Injury reporting
At each annual visit participants were asked "Since your last annual visit to the OAI clinic about 12 months ago, have you injured your right knee badly enough to limit your ability to walk for at least 2 days?". A similar question was asked for the left knee. We defined injury during the first 48 months as an affirmative response at 12-, 24-, 36-or, 48-month visits. We defined an injury during the second 48 months as an affirmative response at 60-, 72-, 84-, or 96-month contacts (60-and 84-month contacts were not in-person). We also summed the number of years with a reported injury between OAI baseline and when the person met the definition of AKOA (72-or 96-month visit) or no KOA (96-month visit; possible range: 0-8 years with reported injury). For people who developed AKOA, we focused on the first knee that developed AKOA (index knee) and for individuals with no KOA, we considered an injury to either knee.
Pain medication
Participants were asked "During the past 30 days, have you used any of the following medications for joint pain or arthritis on most days? By most days, we mean more than half the days of the month: non-steroidal anti-inflammatory drugs, or NSAIDS, you get with a prescription such as Ibuprofen (Motrin), Diclofenac (Voltaren), Naproxen (Naprosyn), or others?" [9] .
Ethical standards
The OAI has been approved and meets all criteria for ethical standards regarding human and animal studies defined in the 1964 Declaration of Helsinki and all amendments made after. Institutional review boards at each OAI clinical site and the OAI coordinating center (University of California, San Francisco) approved the OAI study. All participants provided informed consent prior to participation.
Statistical analysis
To assess the association between probable modifiable risk factors (exposures) and AKOA (versus no KOA as a reference) we performed univariate logistic regression models. Two sets of analyses were performed. The first examined risk factors collected at the OAI baseline visit and a new injury between OAI baseline and 48-month follow-up visit. The second set examined risk factors collected at the 48-month OAI visit and a new injury between the 48-and 96-month OAI visit. Additionally, we ran sensitivity analyses among those with no KOA in either knee at baseline. Finally, we conducted secondary analyses to further explore the association between knee injury and AKOA. Specifically, we examined injuries after 48 months but before the person met the definition of AKOA (72-or 96-month visit) or no KOA (96-month visit). We also evaluated the number of years when a participant reported an injury and the timing of the most recent injury [within 2 years of meeting definition, 2-4 years before meeting definition, and no injury within 4 years (reference)]. All analyses were performed with SAS Enterprise 7.13 (Cary, NC, USA) and statistical significance was defined as p < 0.05.
Results
We identified 832 participants with no KOA at all visits [mean baseline age 58.5 (SD = 8.7) years] and 72 adults who developed AKOA [mean baseline age = 61.0 (SD = 8.4) years; Table 1 ]. At the OAI baseline, which was at least 5 years prior to the onset of AKOA, individuals who had a greater BMI or comorbidity score >0 were more likely to develop AKOA than remain without KOA (Table 1) . Baseline over-the-counter NSAID use [odds ratio (OR) = 1.77; p = 0.053], systolic blood pressure (OR = 1.01; p = 0.074), and injury between 0 and 48 months (OR = 0.85; p = 0.694) were not significantly associated with AKOA, although a trend may be present for NSAID use and systolic blood pressure (Table 1) .
When using 48-month data, all the risk factors were associated with the development of AKOA with the exception of over-the-counter NSAID use (OR = 1.81, p = 0.620) and a comorbidity score >0 (OR = 1.51; p = 0.123; Table 2 ). In particular, the association of an injury in those four years was significantly associated with the development of AKOA (OR = 5.52, 95% CI 3.27, 9.32) ( Table 2 ).
For our sensitivity analyses among people with no KOA in either knee at baseline, we had 832 participants with no KOA at all visits and 37 participants who developed AKOA. Using data from the OAI baseline, we found similar statistically significant results as our primary analyses, except a comorbidity score >0 was associated with AKOA at baseline (OR = 2.06, 95% CI 1.01, 4.20). Similarly, with 48-month data we also observed similar statistically significant results as our primary analysis but a comorbidity score >0 was associated with AKOA (OR = 2.15, 95% CI 1.09, 4.22). The timing as well as the number of injuries prior to disease onset were associated with AKOA. We confirmed that an injury after 48 months but before a person met the definition of AKOA (72-or 96-month visit) or no KOA (96-month visit) was associated with the onset of AKOA (OR = 4.86, Table 3 ). A single reported injury had the strongest association with AKOA (OR = 3.71, 95% CI 2.12, 6.48) when compared to no injuries, followed by the report of injuries at 2 or more visits. A knee injury within 2 years of the endpoint was associated with the development of AKOA (OR = 6.21, 95% CI 3.40, 11.35). Knee injuries occurring between 2 and 4 years of endpoint had a lower odds ratio but was still significant (Table 3) .
Discussion
While numerous studies have evaluated AKOA with data from the OAI [1-6, 10, 11] they have all focused on the first 4 years of the cohort. By studying people with AKOA after the 48-month visit of the OAI, we could explore which modifiable risk factors are consistently present and which risk factors are unique to the timing of incident AKOA. We could also gain a better understanding of the timing and number of injuries that precede the onset of AKOA. We found consistent evidence that greater BMI is associated with AKOA, even more than 4 years prior to disease onset. In contrast, a greater systolic blood pressure and new knee injury were only associated with incident AKOA during the time frame that corresponded to disease incidence. Hence, certain injuries may be catalysts for the onset of AKOA among individuals susceptible to AKOA (e.g., heavier adults, adults with higher systolic blood pressure or another comorbidity).
These results confirm and expand our understanding that adults with greater BMI are more likely to develop AKOA, which has been previously reported to be a significant risk factor during the first 4 years of the OAI [3, 11] . This is the first instance where it is shown that BMI is also associated with the onset of AKOA at least 4-8 years later. In fact, we originally estimated a 10% greater chance of AKOA during the first four years of the OAI per kg/m 2 of BMI [1] and now we estimate a 16% greater odds of AKOA. Hence, a novel finding from this study is that BMI may be a potential predictor of incident AKOA over long periods of time (e.g., 8 years). Mechanistically, BMI and gradual progression of KOA may be related to overloading a joint and systemic inflammation [3, 12, 13] . However, people with AKOA may experience years of no change and then a sudden onset of disease. These findings provide new evidence that greater BMI may play a different role in the etiology of AKOA than in gradual KOA. An elevated BMI could predispose someone to AKOA, but a catalyst may be needed to cause joint failure.
We previously found that a new injury is associated with incident AKOA but not injuries that reportedly occurred prior to the OAI baseline [1] . In our prior analyses, we were unable to determine when these earlier injuries occurred and if participants may misreport a history of injury from long before baseline. The current study provided a unique opportunity to examine annually reported injuries from the 4 years (0-48 months) before the timeframe when people developed AKOA and during the key timeframe (48-96 months). This likely reduced the risk of major injuries being misreported. We found Table 3 Association between accelerated knee osteoarthritis (AKOA) and knee injury prior to onset of disease Sample size is limited to those with complete injury data For adults with no KOA we considered injury to either knee. Number of prior injuries is based on the number of years a person reported an injury Bold values represent the significant odd ratios No KOA (n = 787) AKOA (n = 69) Odds ratio (95% CI) that an injury during the time frame when participants developed AKOA, but not an earlier injury, was associated with incident AKOA. Furthermore, we observed a stronger relationship between injury and AKOA when an injury occurred within 2 years of developing AKOA than between 2 and 4 years prior, this confirms that a recent injury is more likely to be a catalyst for AKOA. Hence, certain injuries are likely catalysts for the development of AKOA. It remains unclear which injuries may trigger the incidence of AKOA (e.g., which structures are injured, how severe was the injury, how the injury was treated). Furthermore, future studies are needed to rule out the possibility that the sudden onset of AKOA, which is associated with pain and dysfunction [6] , may cause a person to experience a new injury [8] . This also raises the concern that there may be a vicious cycle in which an injury triggers the onset of AKOA, which predisposes the person to a new injury, and another wave of accelerated progression. This study design also enabled us to evaluate the significance of the number of injuries prior to disease onset. This was particularly novel because we had been unable to capture this data among people who developed AKOA during the first 4 years of the OAI. The occurrence of a single injury was more strongly associated with AKOA than two or more injuries. Hence, it may only take one injury to be a catalyst for disease onset.
Baseline systolic blood pressure was not associated with AKOA but 48-month systolic blood pressure was. This new finding supports our hypothesis that risk factors collected closer to the onset of disease would be associated with incident AKOA. However, in our previous study, we only detected a trend that people with higher systolic blood pressure were more likely to develop AKOA [1] . Future studies should further explore the implications of elevated systolic blood pressure to confirm its role as a risk factor for AKOA.
In our prior study, we only detected trends that comorbidity scores or NSAID use were associated with AKOA. In this study, NSAID use was not significantly associated with AKOA. We previously reported that people with AKOA are more likely to report greater knee pain up to 3 years prior to radiographic onset of AKOA. Hence, it is possible that any signals from NSAID use may simply be a proxy for individuals who are developing pre-radiographic AKOA and reporting more severe symptoms [14] . Contrarily, baseline comorbidity score >0 was significantly associated with AKOA but this was not the case at 48 months. The contradictory results may be an artifact of heterogeneity among the various comorbidities that contribute to the score. However, the results of the sensitivity analysis showed that comorbidity was associated with AKOA at either time among those with no KOA in either knee at baseline. Future studies with larger sample size may help identify specific comorbidities that increase the risk of incident AKOA (e.g., hypertension).
While these results contribute to findings that recent injury may be a catalyst in the development of AKOA, particularly among adults with comorbidities (e.g., obesity, high blood pressure), we acknowledge that there are limitations to our study. Despite identifying a new sample of people who develop AKOA this study is still restricted to people who participated in the OAI. However, the OAI offered us a unique opportunity with a rich dataset to monitor individuals who did not develop AKOA during the first 4 years but did later. Another limitation was that the 60-and 84-month visits of the OAI were not in-person visits, thus the information was collected through phone call and survey methods. Therefore, it is possible that some cases of AKOA between 48 and 96 months could have been lost to follow-up because there were only two opportunities to collect follow-up radiographs (72 and 96-month visits). The timing of the radiographs also limited our ability to determine exactly when an individual developed AKOA between 48-and 96 months. This could have led us to misclassify injuries that occurred after the onset of AKOA as occurring before the onset of disease. Hence, we can confirm that the onset of AKOA is associated with a new injury but it is challenging to definitively state that the injury was the catalyst for AKOA instead of the onset of AKOA leading to a new injury. Based on our prior study [1] , these analyses, and prior studies that have evaluated the association between injury and incident disease we believe it is most likely that the injury antedated the onset of AKOA, but further research is needed to confirm this. Despite these limitations, we believe our results are a critical step in understanding risk factors for the development of AKOA.
In conclusion, BMI is a consistent modifiable risk factor for AKOA that may help predict who is at risk for AKOA within the next 8 years. Furthermore, comorbidity and elevated systolic blood pressure warrant further study as a risk factor for AKOA. Finally, a recent injury is one factor associated with incident AKOA, but only when the injury was during the same time period did the person developed AKOA. Furthermore, a single injury was strongly associated with disease onset, which suggests that certain injuries may be a catalyst to the onset of AKOA.
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